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Commercial cattle breeders produce their own herd offspring for the dairy and beef market
using artiﬁcial insemination. The procedure involves sanitary risks associated with the
collection and commercialization of the germplasm, and the in vitro production and transfer
of the bovine embryos must be monitored by strict health surveillance. To avoid the
spreading of infectious diseases, one must rely on using controlled and monitored germ-
plasm, media, and reagents that are guaranteed free of pathogens. In this article, we
investigated the use of a new mass spectrometric approach for fast and accurate identiﬁ-
cation of bacteria and fungi in bovine semen and in culture media employed in the embryo
in vitro production process. The microorganisms isolated from samples obtained in
a commercial bovine embryo IVP settingwere identiﬁed in a fewminutes by their conserved
peptide/protein proﬁle, obtained applying matrix-assisted laser desorption ionization mass
spectrometry (MALDI-MS), matched against a commercial database. The successful micro-
organisms MS identiﬁcation has been conﬁrmed by DNA ampliﬁcation and sequencing.
Therefore, the MS technique seems to offer a powerful tool for rapid and accurate micro-
organism identiﬁcation in semen and culture media samples.
 2013 Elsevier Inc. All rights reserved.1. Introduction
Assisted reproduction technology strategies have been
intensely developed and used over the last 50 years, and its
application in the cattle reproduction is worldwide well
established. However, there are severe sanitary risks asso-
ciated with these techniques, which have the potential tox: þ55 19 3521 3073.
ata).
. All rights reserved.
20spread infectious diseases [1]. The sources of pathogens can
be many [2], such as the environmental contaminations
associated with the collection and the cryopreservation of
germplasm and if not monitored. The cryopreservation of
semen and embryos does have the advantage of ensuring
long-term storage of viable cells of germplasm, but at the
same time, if not monitored, the risk of dissemination of
some pathogens by embryo transfer and artiﬁcial insemi-
nation may increase [3–5]. In fact, the cryopreserved
bovine semen has been found to be a potential source for
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philia, Pseudomonas putida, Pseudomonas aeroginosa, En-
terobacter cloacae, Staphylococcus sciuri, Acinectobacter
cacloaceticus, Pantoeau agglomerans, and Flavobacterium
spp. [6–8] that can seriously affect themotility of the sperm
and the embryonic development [9]. It is important,
therefore, to efﬁciently control the population of microor-
ganisms during the entire assisted reproduction tech-
nology procedures and prevent the introduction of diseases
into individual animals, herds, areas, or countries where
they were not previously present. It is also important
to note that testing the presence of microorganisms
that survive in association with the germplasm is crucial
for the health certiﬁcation of embryos for international
movements [1].
In this article, we focused on contaminations in bovine
frozen semen and culture media dishes. Routine micro-
biological methods applied to microorganism identiﬁca-
tion have remained nearly unchanged over the last
century [10]. These methods still employ classical ap-
proaches on the basis of sample streaking, colony growth
using various culture media, and morphological and
biochemical characterization of the isolated bacterial
species [8]. Therefore, a tool for the fast identiﬁcation of
the pathogens in the frozen semen and in the culture
media along with the in vitro fertilization (IVF) process
may constitute an important quality control methodology
for in vitro production (IVP).
Recently, matrix-assisted laser desorption ionization
mass spectrometry (MALDI-MS) has emerged as a rapid
and powerful tool for microbial species identiﬁcation
[11,12]. This approach is on the basis of the acquisition
of microorganism’s conserved proteins “ﬁngerprints”
directly from the crude bacterial extract or from the lysate
supernatants of whole cells [13]. Interestingly, the protein
proﬁles (represented mostly by ribosomal proteins) have
been found to vary considerably and to properly charac-
terize different microorganisms. By measuring the m/z
proﬁle of peptides and small proteins, which are charac-
teristic for each bacterial species, it is possible to deter-
mine the genus and species within a few minutes when
the analysis is started with whole cells, cell lysates, or
crude bacterial extracts [14]. This methodology has been
shown to be easier, faster, and more reliable than the
classical protocols even when compared with more
sophisticated DNA analysis–based technologies [15,16].
MALDI-MS–based microorganism identiﬁcation is there-
fore being introduced in human laboratorial and clinical
settings with reliable diagnostic results not only for genus,
but also at species level in bacteria [17–24], fungus
[25,26], algae [27], viruses [28–30], and protozoan [31].
Contaminations in different real matrices, such as blood
[32], urine [33], cerebrospinal ﬂuid, and biopsy [11] have
been successfully identiﬁed byMALDI-MS, and, nowadays,
this approach is already in use by clinical diagnostics
laboratories [34–36].
In the veterinarian ﬁeld, MALDI-MS has been recently
used for the identiﬁcation of bacteria frommilk affected by
cow subclinical mastis [37,38]. A recent review clearly
summarized the application of MS-based techniques in
a variety of ﬁelds [10].We are currently involved in a collaborating effort with
a large-scale bovine embryo production Brazilian company,
and this research partnership has resulted in the develop-
ment of MS techniques aimed to accomplish high sanitary
excellence in bovine IVF [39,40]. We have tested the
applicability of MALDI-MS for fast bacterial screening of
frozen bovine semen and in vitro maturation media
(IVMm), in vitro fertilization media (IVFm), and in vitro
culture media (IVCm) employed in the IVF process. The
isolated bacteria were successfully identiﬁed in a few
minutes by the integrated pattern-matching algorithm of
the mass spectra peaks list with the reference library. The
microorganisms that achieved log score values <2.3 (score
values >2.3 indicate a highly probable genus and species
identiﬁcation) were submitted to a DNA ampliﬁcation and
gene sequencing which conﬁrmed the identiﬁcation. The
study therefore introduces the MALDI-MS as an efﬁcient
tool for the identiﬁcation of bacteria for the routinely
quality control of the semen before IVF process and for
monitoring the quality culture media along all the steps of
the bovine IVF procedure.
2. Materials and methods
Methanol and acetonitrile (ACS/HPLC grade) were
purchased from Burdick and Jackson (Muskegon, MI, USA).
Formic acid, 2,5-alfa-ciano-4-hydroxycinnamic (CHCA),
triﬂuoroacetic acid, and ethanol were purchased by Sigma-
Aldrich. Ultrapure water, puriﬁed by a Direct-Q water
system (Millipore, Bedford, MA, USA), was used.
2.1. Sample collection and culturing
Cryopreserved bovine semen and IVFm, IVCm, and
IVMm samples were collected from the commercial routine
of In Vitro Brasil Ltda (Mogi Mirim, Sao Paulo, Brazil). The
samples of cryopreserved semen were aliquots of
commercial sealed straws collected after thawing and
before the use for the bovine embryo IVP.
In vitro oocyte maturation and fertilization have been
performed during 22 to 24 hours and the culture during
7 days in BD Falcon disposable cell culture dishes 35  10
mm in drops containing 90 mL of medium under mineral oil
(Sigma, St Louis, MO, USA). Culture media composition and
IVP procedures has been described elsewhere [41]. After
each of the IVP steps, 50 mL of IVFm, IVCm, and IVMmwere
sampled, sent refrigerated to the microbiological labora-
tory, and rapidly incubated as described below. The
samples have been cultured in brain heart infusion (BHI)
broth, a highly nutritious general-purpose growthmedium.
If the presence of a speciﬁc microorganism must be
screened, a selective growing can be performed by using
a differential and selective medium.
A volume of 50 mL of semen were incubated in 10 mL of
BHI broth (OXOID) at 37 C. After 24 hours, more than one-
third of them showed turbidity, which is indicative of
microorganism growth. Then, the bacterial cultures were
centrifuged at 5000  g for 10 minutes and submitted to
MS analysis, described as follows. For the isolation of single
colonies, decimal dilutions of the bacteria pellet were
plated on BHI/agar (2% wt/vol malt extract agardOXOID)
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colonies were scratched out from the Petri dishes and
incubated again on BHI/agar (2% wt/vol malt extract
agardOXOID) dishes for 24 hours at 37 C to increase the
amount of pure microorganisms and to be submitted to
DNA ampliﬁcation and gene sequencing. The same sample
amount (50 mL) of culture medium and culturing procedure
was employed for the IVFm, IVCm, and IVMm samples.
2.2. Mass spectrometric analysis by protein extraction
method and intact cell method
The bacterial pellet was dissolved in 1 mL of water and
centrifuged (all centrifugation steps were performed at
13,000  g for 2 minutes) in order to wash out the residue
of BHI.
According to the protein extraction method (PEM), 1 mL
of 75% ethanol solution was added to the pellet, and after
centrifugation, the supernatant was removed by carefully
pouring it from themicrotube. A second centrifugation step
was performed, and the remaining liquid was carefully
removed with a pipette. The bacterial pellets were allowed
to air-dry at room temperature for 15minutes. A solution of
70% formic acid was added to lyse bacterial cells and to
release the inner-cell proteins, which are predominantly
ribosomal proteins that produce diagnostic ions in MALDI-
MS ﬁngerprinting. The 70% formic acid solution was added
proportionally to the size of pellet to completely dissolve it.
Subsequently, 100% acetonitrile was added to each sample
in volumes equal to the 70% formic acid solution previously
added, thus producing a bacterial extract in a (1:1) ratio of
70% formic acid and acetonitrile. A ﬁnal centrifugation step
was performed to separate the bacterial cell debris from the
supernatant containing the ribosomal proteins used for the
MALDI-MS identiﬁcation.
To prepare the MALDI target plates, 1 mL of the super-
natant containing the bacterial proteins was placed onto
a steel target plate (MSP 96 polished-steel target; Bruker
Daltonics, Bremen, Germany) and allowed to air-dry. The
dried supernatant was overlaid with 1 mL of matrix solu-
tion, which consisted of a-cyano-4-hydroxy-cinnamic acid
(CHCA) dissolved in 50% acetonitrile and 2.5% triﬂuoro-
acetic acid.
For the intact cell method (ICM), the washed bacteria
pellet (w0.1 g) was diluted in 1mL of water and acetonitrile
(1:1 vol/vol). A volume of 1 mL of the obtained solution was
directly spotted on the MALDI plate and the CHCA matrix
was added as described previously.
The matrix-assisted laser desorption ionization time-
of-ﬂight mass spectrometry (MALDI-TOF-MS) analysis
was performed in a Bruker Microﬂex LT MALDI-TOF-MS
operated in the linear mode and equipped with a 337-
nm nitrogen laser using FlexControl 3.3 software (Bruker
Daltonics). The mass spectra were collected within the
mass range ofm/z 2000 to 20,000. The instrument settings
were as follows: ion source 1 at 19.50 kV, ion source 2 at
18.25 kV, lens at 6.49 kV, and an extraction delay time of 4
ns. The instrument was externally calibrated with the
bacterial test standard supplied by Bruker Daltonics. The
bacterial test standard is an Escherichia coli extract
including the additional proteins RNase A and myoglobin.Three thousand laser shots were accumulated to generate
each spectrum. The spectra were analyzed with the
database library MALDI Biotyper 3.0 software (Bruker
Daltonics). For each sample, the automatic analysis
generated a peak list, which was used to match the
reference library by the integrated pattern-matching
algorithm. The software performs normalization, smo-
othing, baseline subtraction, and peak picking, creating
a list of the most signiﬁcant peaks of the spectrum. In
general, the MALDI Biotyper pattern-matching algorithm
considers the matches of the unknown sample spectrum
against the reference database and the reverse matches of
the main spectrumwith the unknown spectrum. Finally, it
also compares the relative intensities of unknown and
database spectra. The result is given by means of a log
score with a maximum value of 3.0. A log score of
a maximum value of 3.0 represents the maximum product
values (1000). It has been conﬁrmed with statistical
differences that log score values >1.7 correspond to reli-
able genus identiﬁcations, whereas log score values >2.0
indicate a secure genus and probable species identiﬁca-
tions. Finally, log score values >2.3 represent a high
probably genus and species identiﬁcation [42,43]. In this
study, only scores >2.0 were considered.
2.3. Molecular identiﬁcation by DNA ampliﬁcation and gene
sequencing
All isolates were cultured on nutrient agar, and genomic
DNA was obtained using the protocol described by Van
Soolingen et al. [44]. Strains belonging to the Bacillus brevis
group and Bacillus aneurinolyticus group were identiﬁed by
16S rRNA gene ampliﬁcation by using speciﬁc detection
primers and PCR. The sequences of forward detection
primers BREV174F and ANEU506F were 50-AGACCGGGA
TAACATAGGGAAACTTAT-30 and 50-GAACCGCCGGGATGACC
TCCCGGTC-30, respectively, and the sequence of reverse
primer 1377R was 50-GGCATGCTGATCCGCGATTACTAGC-30
[45]. PCR was performed in reaction mixtures containing
50 to 100 ng of genomic DNA, 2 U of Taq polymerase
(Invitrogen), 0.2 mM of dNTP mix (GE Healthcare), and 0.4
mM each primer (forward and reverse) in a ﬁnal volume of
50 mL. Ampliﬁcation program consisted of an initial dena-
turation step at 94 C for 30 seconds, followed by 25 cycles
of 94 C/1 minute, 58 C/1.5 minutes, and 72 C/1.5 minutes,
with ﬁnal extension of 72 C/5 minutes, in an Eppendorf
thermal cycler (Eppendorf).
Samples of the Enterobacter cloacae complex were
identiﬁed by ampliﬁcation and sequencing of a fragment of
rpoB gene. PCR was performed in the same conditions
as described above, using the primers Vic3a (forward):
50-GGCGAAATGGCWGAGAACCA-30 and Vic2a (reverse):
50-GAGTCTTCGAAGTTGTAACC-30 [46]. The thermal cycle
consisted an initial denaturation step at 94 C for 1.5
minutes, followed by 40 cycles of 94 C/10 seconds, 55 C/
20 seconds and 72 C/50 seconds, with ﬁnal extension of
72 C/5 minutes [47]. Ampliﬁed products were puriﬁed
using GFX PCR DNA and Gel Band Puriﬁcation kit (GE
Healthcare) for subsequent sequencing using BigDye
Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems
Life Technologies) for an automated ABI sequencer 3500xL
Scheme 1. MALDI-MS bacterial identiﬁcation in bovine semen general workﬂow. After thawing the semen straws, 50 mL are collected and refrigerated. Semen
samples are seeded in BHI and cultured for 24 hours. If BHI turbidity is observed, samples can be directly spotted in the MALDI target plate after centrifugation
(ICM strategy) or can be submitted to protein extraction before being spotted in the MALDI target plate (PEM strategy). All samples are covered with the organic
matrix CHCA. MALDI-MS sample acquisition and database search are performed automatically. All the procedure takes 15 to 20 min/sample, so that the overall
process of bacterial identiﬁcation in semen samples can be performed in w1 day.
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manufacturer’s instructions. The sequencing was carried out
using the same set of primers used for DNA ampliﬁcation.
Partial rpoB sequences obtained from isolates were
assembled in a contig using the phred/Phrap/CONSED
program [48,49]. The identiﬁcation was achieved by com-
paring the contiguous rpoB gene sequences obtained with
rpoB sequence data from reference and type strains available
in the public database GenBank (http://www.ncbi.nlm.nih.
gov) using the BLASTn routine. The sequences were
aligned with bacteria rpoB genes data retrieved from NCBI
website using CLUSTAL X program [50] and analyzed with
MEGA software v.4 [51]. Evolutionary distances were
derived from sequence-pair dissimilarities calculated using
the Kimura’s DNA substitution model [52]. The phylogenetic
reconstruction was done using the neighbor-joining algo-
rithm [53], with bootstrap values calculated from 1000
replicate runs [54].
2.4. Experimental design
Before working on real contaminated semen samples,
the applicability of MALDI-MS to the bacterial screeningof bull sperm was tested. In this pilot experiment, Escher-
ichia coli ATCC 25922 and Staphylococcus aureus ATCC
29213 strains were cultured on BHI broth at 38 C for 24
hours. After growing, each bacterial pellet was diluted
in 100 mL of water, and 50 mL of the obtained solution
were added to 50 mL of bull semen. The spiked mix was
carefully submitted to inactivation and proteins extraction
as reported in the Materials and methods section. The
Escherichia coli and Staphylococcus aureus were properly
identiﬁed by Biotyper 3.0 with a high score (>2.3). This
proved that the semen proteins do not interfere with the
MS identiﬁcation.
Thirty semen samples and 570 culture medium samples
(204, 172, and 194 for IVFm, IVCm, and IVMm, respectively)
collected at the commercial setting for bovine embryo IVP
were examined in this study.
3. Results and discussion
This study tested the use of MALDI-MS–based bacterial
identiﬁcation in semen and bovine IVP media samples
collected in a large-scale commercial setting (Mogi Mi-
rim, SP, Brazil). Aliquots of semen samples (used in the
Table 1
Results of Biotyper software best two matches for microorganism identiﬁcation in bovine semen samples by MALDI-MS by ICM.
Analyte name Organism (best match) Score value Organism (second best match) Score value
Sample 2 ICM Citrobacter freundii 2.365 Citrobacter freundii 2.215
Sample 10 ICM Citrobacter freundii 2.304 Citrobacter freundii 2.071
Sample 1 ICM Enterobacter kobeia 2.493 Enterobacter asburiaea 2.426
Sample 3 ICM Enterobacter kobeia 2.373 Enterobacter asburiaea 2.329
Sample 4 ICM Enterobacter kobeia 2.449 Enterobacter hormaecheia 2.332
Sample 5 ICM Enterobacter kobeia 2.436 Enterobacter asburiaea 2.302
Sample 9 ICM Enterobacter kobeia 2.528 Enterobacter asburiaea 2.398
Sample 7 ICM Stenotrophomonas maltophilia 2.482 Stenotrophomonas maltophilia 2.362
Sample 8 ICM Stenotrophomonas maltophilia 2.455 Stenotrophomonas maltophilia 2.221
Only score values >2 have been considered as successful identiﬁcation.
a Enterobacter cloacae complex.
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thawing, and culture media were collected after oocytes
and embryos incubation. Samples were refrigerated and
sent to the analytical laboratory at the University of Cam-
pinas (UNICAMP) to perform overnight fast culturing (24
hours) and the MALDI-TOF-MS analysis (few minutes per
sample).Fig. 1. MALDI-TOF-MS in the m/z range of 2000 to 16,000, showing abundant prote
for bovine IVP.Initially, a pilot study was performed by experimental
contamination of the semen samples with Escherichia coli
and Staphylococcus aureus. The Escherichia coli and Staphy-
lococcus aureus were properly identiﬁed by Biotyper 3.0
with a high score (>2.3) (data not shown). This proved that
the semen proteins do not to interfere with the MS
identiﬁcation.in ions extracted from the microorganisms isolated from bovine semen used
Table 2
Results of Biotyper software best twomatches for microorganism identiﬁcation in bovine semen samples byMALDI-TOF-MS after extraction of the ribosomal
proteins (PEM strategy).
Analyte Name Organism (best match) Score value Organism (second best match) Score value
Sample 1 PEM Enterobacter kobeia 2.167 Enterobacter asburiaea 2.106
Sample 2 PEM Citrobacter freundii 2.313 Citrobacter freundii 2.024
Sample 3 PEM Enterobacter kobeia 2.206 Enterobacter asburiaea 2.201
Sample 4 PEM Enterobacter kobeia 2.378 Enterobacter hormaecheia 2.289
Sample 5 PEM Enterobacter kobeia 2.484 Enterobacter cloacaea 2.395
Sample 6 PEM Enterococcus faecium 2.350 Enterococcus faecium 2.040
Sample 7 PEM Stenotrophomonas maltophilia 2.302 Stenotrophomonas maltophilia 2.120
Sample 8 PEM Stenotrophomonas maltophilia 2.361 Stenotrophomonas maltophilia 2.013
Sample 9 PEM Enterobacter kobeia 2.159 Enterobacter asburiaea 2.137
Sample 10 PEM Citrobacter freundii 2.317 Citrobacter freundii 2.029
Sample 11 PEM Candida parapsilosis 2.396 Candida parapsilosis 2.379
a Enterobacter cloacae complex.
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cultured. After 24 hours of growing, 11 samples showed
turbidity. After centrifugation and removal of the BHI
growth medium, each pellet was aliquoted and submitted
to sample preparation for MALDI-MS analysis for bacterial
identiﬁcation. The Scheme 1 shows the workﬂow of the
bovine semen MALDI-MS analysis.
As Scheme 1 shows, two MS methods were used: ICM
and ribosomal PEM. First, the capability of the MALDI-MS
technique to directly identify the microorganisms without
protein extraction was evaluated. This protocol was per-
formed by diluting the bacteria pellet (0.1 g) in 1 mL of
water and acetonitrile solution (1:1 vol/vol). One microliter
of the obtained mixture was directly spotted on the MALDI
plate. The direct MALDI-MS identiﬁcationwas successful in
9 of the 11 samples that showed turbidity, which were
contaminated by Stenotrophomonas maltophilia (samples
7 and 8), Citrobacter freundii (samples 10 and 2), and
Enterobacter cloacae complex (samples 1, 3, 4, 5, and 9). In
all of them, Biotyper scores were >2.3, indicating a very
high reliability of identiﬁcation of the bacterial genus and
the species (Table 1).
Note that in these cases, the high score and easy iden-
tiﬁcation via ICM could be explained by considering that
they are all gram-negative bacteria and their membrane is
composed of a thin peptidoglycan layer (which is thinner
than the the gram-positive bacteria), and the acidity of the
matrix solution is sufﬁcient to lyse the membrane of the
bacteria and directly extract the ribosomal proteins. The
identiﬁcation by ICM failed for sample 11 (unreliable
identiﬁcation; conﬁrmed to be Candida parapsilosis by
PEM) and sample 6 (Enterococcus faecium, score <1.7). The
reason for the failure can be accounted again by consid-
ering the membrane composition of the microorganism.
The Enterococcus faecium is a gram-positive bacterium thatFig. 2. Neighbor-joining phylogenetic tree from the analysis of Enterobacter sequenc
the levels of bootstrap support, based on a neighbor-joining analysis of 1000 resamhas a membrane composed of a thick peptidoglycan layer.
Candida parapsilosis is a fungal species of the yeast family
and its membrane is composed of a complex structure of
chitin, glucans, and other polymer chains. This type of
membrane needs a harsher process to be broken, so that
the PEM is effective by enabling proteins to be thoroughly
extracted, giving more diverse and intense signals in the
MALDI-MS.
The PEM allowed the identiﬁcation of the cultured
bacteria with a score values >2.0 in all the samples. For the
11 samples of semen presenting bacterial growth in this
study, ﬁve microorganisms were identiﬁed: Citrobacter
freundii, Stenotrophomonas maltophilia, Enterobacter cloacae
complex, Candida parapsilosis, and Enterococcus faecium.
Figure 1 shows the characteristic mass spectrum of each
microorganism. Table 2 reports the Biotyper score values.
Note that all the identiﬁed bacteria consistently matched
with the most common bacterial microorganisms reported
in the literature for bovine frozen semen [8–10,55].
Although the Biotyper database is able to detect the
mixture of microorganisms [37], this was not observed.
Therefore, if more than onemicroorganismmay exist in the
semen, the amount was not enough to interfere in the
protein proﬁles obtained.
Our results of the ICM and PEM comparison are also
consistent with those reported by Ferreira et al. that comp-
ared the intact cell and PEMs in bacteria contaminating urine
and blood [56]. We suggest that the ICM should be initially
applied to all samples. If reliable identiﬁcation is not achie-
ved, the more demanding PEM approach should be applied
to increase the number of reliable identiﬁcations. The same
experiments (applying both ICM and PEM methods) were
also performed on isolated colonies. After isolation, the single
colonies were cultured (to increase the amount of material)
obtaining the same Biotyper results (data not shown).es of partial rpoB genes. The numbers at the nodes are percentages indicating
pled data sets. Only values >50% are shown.
Table 3
Microorganisms identiﬁed in IVMm, IVFm, and IVCm samples and corresponding score values of identiﬁcation (scores >2.0 indicate conﬁdent genus and
species identiﬁcation).
Microorganisms identiﬁed IVM IVF IVC Average score values
Aneurinibacillus spp. 13/204 6/172 11/194 2.072
Brevibacillus spp. 16/204 11/172 19/194 2.019
Candida guilliermondii 0/204 2/172 0/194 2.352
Candida parapsilosis 0/204 2/172 0/194 2.396
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ware, a secure identiﬁcation inside the Enterobacter cloacae
complex was not possible. The Enterobacter cloacae
complex is a group of six very closely related species with
similar resistance pattern, (Enterobacter asburiae, Enter-
obacter cloacae, Enterobacter hormoachei, Enterobacter
kobei, Enterobacter ludwigii, and Enterobacter nimipressur-
alis), and the Biotyper library is still not able to properly
distinguish them. In samples 1, 3, 4, 5, and 9, the Biotyper
software identiﬁed mostly Enterobacter kobei as the ﬁrst
best match and Enterobacter asburiae as the second best
match with very close score values. To identify the exact
Enterobacter cloacae species, the samples cultured from
isolated colonies were submitted to DNA ampliﬁcation and
partial rpoB gene sequencing.
The usefulness of RNA polymerase beta-subunit encod-
ing gene (rpoB) sequences as an alternative tool for universal
bacterial genotypic identiﬁcation has been investigated and
proved to be very accurate among enteric bacteria [50,51].
The phylogenetic analysis of the rpoB sequences identiﬁed
the isolates 1, 3, 4, 5, and 9 as Enterobacter kobei (Fig. 2),
conﬁrming the identiﬁcation of the Biotyper software.
When comparing the contiguous rpoB gene sequences ob-
tained with rpoB sequences data from type strains available
in GenBank (http://www.ncbi.nlm.nih.gov) using the
BLASTn routine, Enterobacter asburiae was not identiﬁed as
one of the best matches, since its similarity is 97%, and
because of that this sequence was not included on the
phylogenetic reconstruct.
For the culture media MALDI-TOF-MS analysis, just the
PEM protocol has been performed due to its effectiveness.
For this work, the week total amount of dishes used for
oocytes maturation, IVF, and in vitro culture in the
commercial settingwere classiﬁed into two sets of samples,
called “work A” and “work B.”
We incubated 204 IVMm samples, 172 IVFm samples,
and 194 IVCm samples obtained from the IVP routine proce-
dures along 3 weeks. Table 3 reports the microorganismsFig. 3. MALDI-MS in the m/z range of 2000 to 20,000 for abundant proteins
present in the extract of microorganisms cultured from IVMm, IVFm, and
IVCm media.identiﬁed and the related averaging score. We observed the
turbidity mainly in one set of samples (“work A” of the ﬁrst
week), which were entirely contaminated by two nonpatho-
genic environmental microorganisms, the Aneurinibacillus
spp. and Brevibacillus spp. Figure 3 shows the corresponding
MALDI spectra. Both Aneurinibacillus spp. and Brevibacillus
spp. are two new genera recently proposed after the reclas-
siﬁcation of Bacillus brevis genus [46]. They are associatedwith
the soil, and their isolates have been found in the dairy envi-
ronment [57].
The identiﬁcation of the Aneurinibacillus spp. and Bre-
vibacillus spp. was conﬁrmed by 16S rRNA gene ampliﬁca-
tion by using speciﬁc detection primers and PCR. All
isolates that needed a conﬁrmation of the identiﬁcation
were submitted to PCR using both primers BREV174F and
ANEU506F. The primers BREV174F and ANEU506F were
designed to detect only members of the Bacillus brevis and
Bacillus aneurinolyticus clusters, respectively, conﬁrming
the identiﬁcation according to which primer the ampliﬁ-
cation occurred.
The samples of week 2 showed a contamination in two
IVFm samples of “work B”with the samemicroorganism. In
this case, the fungus Candida guilliermondii was identiﬁed
with a score >2.3. This fungus is a pathogenic agent mostly
present in human nails and associated with human ony-
chomycosis infections. It has been ﬁrst isolated [58] in
ruminants in 1961, and further investigations have revealed
that on cattle, Candida guilliermondii attacks primarily the
urogenital tract, and it is the causative of several disorders,
such as inﬂammatory diseases of the urogenital organs
(uterus, seminal gland, epididymis, udder, kidney, etc.) and
various other reproductive disorders [59]. In other two
IVFm samples of work B of the third week, Candida para-
psilosiswas detected. As Table 2 shows, this fungus was also
identiﬁed during the screening of the cryopreserved bovine
semen (sample 11) with a score >2.3. This fungus of the
yeast family has been reported as a pathogen causing
abortion in cows [60]. Note that to avoid the spread of
fungal infections in cows (which are notoriously the most
dangerous), after the IVF step, two strong washes are
routinely performed. In the ﬁrst washing step, the gran-
ulosa cells and spermatozoa are removed by pipetting the
zygotes in three droplets of IVCm. Before transferring to the
culture plates, the zygotes are washed in twomore droplets
of the same media to ensure the removal of contamina-
tions. In this study, we found that these washing steps are
quite efﬁcient; in fact, no contamination of fungi was
observed in the in vitro culture media (see Table 3).
Therefore, although rare, microbial contamination of
culture dishes occasionally occurs in the IVP routine. The
results indicate that the contamination is mainly due to the
collection of oocytes in farms, under open environment,
D. Zampieri et al. / Theriogenology 80 (2013) 337–345344and to the microorganisms that may be present in the
semen. If necessary, the proposed technique can be also
applied to ﬁnd out the source of contaminations that may
occur at different levels of the IVP.
The application of a fast microbial identiﬁcation tech-
nique can, therefore, be useful not only for the early
detection ofmicroorganisms but also for the administration
of a more speciﬁc antibiotic in the samples that require it.
Microorganisms (mainly nonpathogenic) sometimes
survive, but their detection and control can bemonitored in
a fast and reliable way by MALDI-MS in order to reach
sanitary excellence and certiﬁcation for bovine semen and
embryo IVP production and commercialization.
3.1. Conclusions
The MALDI-MS technique was successfully used for
the identiﬁcation of microorganisms in the bovine semen
and IVCm, IVMm, and IVFm used for embryo IVP. Even
though the ICM method does not always allow obtaining
results at species or subspecies level, this approach can
be useful for an even faster microbiological screening of
the cryopreserved semen and IVFm, IVMm, and IVCm
samples.
Notable is the efﬁciency of the MALDI-MS technique,
because the identiﬁcation results have all been conﬁrmed
by DNA sequencing. Compared with the time-consuming
sequencing and biochemical methods, MALDI-MS allows
obtaining high conﬁdent results in very short time (15–20
minutes/sample). The time for the bacteria culturing can be
signiﬁcantly shortened by the use of incubators with
culture media turbidity sensors, making the MALDI-TOF-
MS approach even faster.
Even though the “gold standard” for microorganism
identiﬁcation is by microorganism DNA ampliﬁcation and/
or sequencing, our results as well as recent literature on
humanmicrobiology [61–63] show thatMALDI-MSprovides
secure molecular identiﬁcation of speciﬁc bacteria, making
it an alternative accurate and fast method able to identify
unknown bacteria based on proﬁles of proteins and pep-
tides. This fast approach can be used to detect early con-
tamination in semen and to allow sanitary excellence and
certiﬁcation to prevent economical losses and commerciali-
zation barriers in bovine IVP process. A signiﬁcant biological
question is how the microorganisms detected in semen
and culture media inﬂuence the fertilization and/or embryo
development. To answer this question, in the near future
this research group will carry out a large-scale screening
of microorganisms in semen and culture media.
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